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The purposes of this paper are to record the general progress of 
the chemo-immunological studies,  and  in particular to  show that  a 
fatal  experimental  disease  similar  to  a  not  uncommon and  grave 
disease of man has  often terminated in  recovery after a  treatment 
formulated from these studies,  and to indicate a  way in which the 
corresponding  disease  of  man  may be  treated  with  a  reasonable 
hope  of  sometimes  preventing  its  almost  invariably  fatal  ter- 
mination. 
In the first pape  rl has been related why and how we were led by 
consideration and  experiment to  attempt to arrest  the  progress  of 
experimental  pneumococcic infections by the  local  use  of  sodium 
oleate  combined  with  immune  antipneumococcic serum  and  boric 
acid.  Among others,  certain  experiments  were  reported  illustrat- 
ing the results obtained by treating rats  and mice inoculated in the 
peritoneal  cavity.  It  was  shown  that  appropriate  treatment  early 
after  inoculation with  massive  doses  of  virulent  pneumococci not 
only regularly saved the animals but also prevented the appearance 
of more than  the  slightest  transitory  signs  of  any  illness.  As  a 
measure for preventing the development of infection the treatment 
was effective.  As a  curative measure for arresting the developing, 
or already establ'ished infection it was less effective, particularly in 
respect to the lalSse of time after inoculation.  Yet  if we consider 
the  severity  of  the  test,  the  animals  being  highly  susceptible  to 
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rapidly fatal septicemia, the results were encouraging enough to lead 
us to pursue the principle  in the hope of developing it,  and because 
of the promise which it afforded of a possible successful application 
to the treatment of certain localized pneumococcic infections of man. 
Since  the  publication  of  the  first paper  the  work  has been  con- 
tinued  along  the  same  fundamental  lines  in  the  search  for an  im- 
proved  means  of  treatment.  At  the  same  time,  pending  develop- 
ments in this direction, we undertook to ascertain whether what was 
already in hand might be successfully applied to the treatment  of an 
experimental  disease  which  bears  a  closer resemblance  to  pneumo- 
coccic diseases of man than  is afforded by the septicemic infections 
of the small laboratory animals,  and  thus offers more reliable  indi- 
cations of the practical value of the therapeutic principle. 
In  the  second and  third  papers  ~ we  recorded  the  results  of  the 
search  for a  more efficient agent than sodium oleate.  Several sub- 
stances  were  found  to  be much  more  powerful  in  destroying  the 
pneumococcus  in  the  test-tube,  'but  they  were  less  efficient  ,than 
sodium  oleate  in  controlling  infections  of  the  animal  body.  Also 
the attempts to find an agent which is superior to boric acid in pre- 
venting the serum inhibition of the sodium oleate failed.  Hence we 
turned  to  the  determination  of  the  optimum  proportions  of  the 
components  of the  therapeutic  mixture  of  sodium  oleate,  immune 
serum,  and boric acid,  which bad already proved itself. 
What  is meant by the optimum  composition of the  mixture  will 
be apparent  upon a brief restatement of the essential points  regard- 
ing  the  action  of  the  components  alone  and  combined.  The  de- 
structive  action  upon the pneumococcus of sodium  oleate  solutions 
varies  throughout  a  wide range  of concentration  in  direct  ratio  to 
the degree of dissociation.  The destructive action is prevented wholly 
or  in  part  by  blood  serum  according  to  quantitative  conditions. 
Alone  in  the  animal  body sodium  oleate  has  little  or  no  apparent 
restraining influence upon pneumococcic infections.  In the test-tube 
a  potent immune  serum kills many of the pneumococci present but 
allows a  subsequent rich growth of those which escape destruction, 
unless  indeed  a  very  small  number  be  present,  when  all  may  be 
killed.  The  bactericidal  action  of immune  serum  does not depend 
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wholly upon,  but  is  enhanced by,  the presence and co6peration  of 
phagocytes; and the intensity of action varies in direct ratio to the 
degree of concentration of the serum.  In the animal body immune 
serum exerts a  distinct protective action, but one efficient in saving 
the animal only under quite sharply defined conditions pertaining to 
quantity of culture and of serum.  In other words, there is a mini- 
mum quantity of serum which will protect  against  even the most 
minute, otherwise certainly fatal quantities of culture, and no quan- 
tity of serum protects against more than a  definite quantity of cul- 
ture.  Dochez  ~ directed' attention to this phase of the proteotive ac- 
tion of immune serum and has recently made it the subject of a spe- 
cial  investigation.  He  has  pointed  out  the  relationship  between 
quantity of serum and of culture in determining protection or lack 
of it, and suggested the importance of its bearing upon the practical 
treatment of established infections with immune serum.  We attach 
an additional importance to the facts as affording a standard of com- 
parison  for  appreciating  the  greater  efficiency of  the  mixture  of 
sodium  oleate,  immune  serum,  and  boric  acid.  In  contradistinc- 
tion to test-tube experiments, a  given quantity of serum in the ani- 
mal body is just  as  efficient, if  previously diluted  even to  IO  per 
cent.  with  salt  solution,  as  if  employed undiluted.  The  presence 
of boric acid in a certain quantity is necessary to prevent serum in- 
hibition of the oleate, but an excess defeats the purpose of its em- 
ployment, since of itself, in large quantities, it prevents the bacterio- 
lyric action of the sodium oleate. 
After testing several species of animals in diverse p6rtions of the 
body  in  which  we  attempted  to  produce  a  suitable  disease,  with 
strains  of  the  pneumococcus varying in  virulence,  we  finally em- 
ployed  for  our study  pneumococcic meningitis  in  monkeys  pro- 
duced by a  highly virulent  pneumococcus.  The  conditions  which 
this  experimental  disease  presents  are  favorable  for  testing  the 
method and important because of their close similarity to the highly 
fatal  pneumococcic meningitis  in  man. 
The experimental disease could be produced with ease, and, as it 
appeared later,  with certainty.  Except necessarily in the mode of 
infection it was  remarkably like  pneumococcic meningitis  of man. 
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The clinical, bacteriological (including bacteremia), and pathological 
manifestations  were nearly identical.  It differed in that  its course 
was  more  severe,  and  when  untreated  it  terminated  invariably  in 
death.  This statement is true of the disease produced, as it always 
was  except  once,  by virulent  pneumocoecus.  In  a  single  instance 
a  less  virulent  pneumococcus  was  injected  and  a  meningitis  pro- 
duced  that  terminated  in  recovery  without  any  intervention  other 
than lumbar puncture performed  for diagnostic purposes.  The  ex- 
periment  has  no  bearing  upon  the  particular  theme  of  the  paper, 
but is recorded to s~how how much the clinical  result  depends upon 
the infecting bacterium.  It is an experimental confirmation of what 
clinicians  are coming to  realize,  namely,  that  pneumococcic menin- 
gitis `though a  highly mortal disease is not necessarily always fatal; 
and  it  serves  to  indicate  still  further  the  close  similarity  of  the 
experimental to the spontaneous disease. 
The  disease  tent  itself  well,  moreover,  to  constant  observation 
of  its  course,  and  to  direct  local  treatment,  as  lumbar  puncture 
afforded indications  of the influence of treatment  during the course 
of the  disease. 
Before  recording  the  individual  experiments  certain  general 
features  should  be  considered  relating  to  the  animal  infected,  the 
kind  of  pneumococcus  employed,  the  mode  of  infection,  and  the 
method of treatment. 
Macacus  rhesus  was  chiefly  used,  but  a  few  experiments  were 
made  with  C..ercopithecus  callitrichus.  All  the  monkeys  were vig- 
orous  and  seemed  in  good  health.  Genus,  species,  and  sex  ap- 
peared not to  influence  the  results.  But  the  individual  factor was 
manifest.  Most animals reacted to the inoculation in such a manner 
as  to  permit  ready  recognition  of  the  type  of  the  disease.  Occa- 
sionally  an  individual  proved  excessively  susceptible,  seemed  to 
oppose no  resistance,  and  died of septicemia  within  the  day.  The 
monkeys seemed to be less resistant  in the cold than  in the warmer 
months.  When  and  in  what  way  these  two  factors  of  the  indi- 
vidual  and  the  season appeared  to influence the  experiment  will be 
indicated in the discussion of the protocols. 
The  first  three  experiments  were made  with  different  strains  of 
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produced,  and  allowed a  study of the  characteristics  of the  disease 
and  the  influence of degree of virulence  of the bacterium  upon  its 
course.  From the third experiment on, the same Strain of pneumo- 
coccus was used throughout.  This  organism  was obtained  in pure 
culture  by  Dr.  Dochez  directly  from  the  circulating  blood  of  a 
patient  with lobar pneumonia.  Suffice it to say that  it was a  char- 
acteristic  pneumococcus  soluble  in  bile.  In  the  beginning  the  or- 
ganism  was  of high  but not  extraordinary  virulence.  It  was  first 
inoculated into monkeys after five passages in mice when o.ooo,ooI 
of a cubic centimeter was fatal.  Repeated control tests showed the 
degree of virulence to be maintained  throughout  the ten months  of 
study.  In  the  nature  of  its  pathogenic  action  the  organism  was 
well adapted  to the purposes:  it caused inflammation  rather  than  a 
rapidly  fatal septicemia. 
In  the  first experiment  the  culture  used  was a  virulent  pneumo- 
coccus grown from the spinal fluid of a patient with meningitis.  In 
the  second one a  so called  avirulent  pneumococcus isolated  directly 
from the saliva of a well person was employed.  The characteristics 
of this organism are stated in the protocol of monkey 2. 
At the  beginning  a  few experiments  were  made  by intracranial 
inoculation.  The disease produced in this way was most severe and 
quickly caused the death of the animal.  Besides, it did not lend it- 
self well to the treatment  which is prefiminently  a  local one admin- 
istered  by lumbar  puncture.  The  opportunities  for  fluid  injected 
intraspinally  to reach the distant  seat of severe inflammation  in the 
brain  itself  were small.  Normally  in  the monkey the  space in the 
membranes  is small and  this  is quickly further  reduced by swelling 
and  the  fibrinous  exudate.  Indeed  the  focus  of  infection  in  the 
brain  and  its  membranes  seemed  sometimes  to  have  been  cut  off 
from the spinal subdural space.  On account of the fibrinous nature 
of  the  pneumococcic  inflammation  this  meningitic  disease  offers 
greater  difficulties  in  treatment  than,  for  instance,  epidemic  cere- 
brospinal meningitis.  We. shall  refer later  to those  cases of pneu- 
mococcic meningitis  which arise  from middle ear disease and where 
the cerebral meninges are first and most inflamed. 
Hence the intracranial  method of infecting the animal  was aban- 
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were  inoculated and  treated  by  subdural  spinal  puncture  and  in- 
jection. 
Two kinds of immune serum which were .efficient  in protecting 
rats and mice against infection by the same strain of pneumococcus 
used  to  produce the  meningitis  were tested  alone.  The  one  was 
from a goat, the other from a  horse, immunized by the intravenous 
injection  of  large  quantities  of  live,  highly  virulent,  homologous 
pneumococci.  Later other monkeys were treated with a mixture of 
sodium oleate, the same immune serum, and boric acid. 
The  experiments  are  presented  in  three  groups.  Those  in  the 
first  group  show  the  nature  of  the  untreated  disease  and  at  the 
same  time  serve  as  control  observations  from  which  the  results 
of treatment may be deduced.  Those in the second group show the 
results  of  treatment with  immune  serum;  and  those  in  the  third, 
treatment with  the mixture of sodium oleate,  immune serum,  and 
boric  acid. 
THE  EXPERIMENTAL  DISEASE. 
The first experiment was performed by Dr. Flexner in the spring 
of 191o.  We abstract  from his notes: 
May 24,  I9IO.  Monkey  I.  Macacus rhesus;  medium  size.  2 :oo P.M.  Lum- 
bar puncture;  clear fluid; injected o.4 c.e.  of a  thin suspension  of a  24 hour  cul- 
ture  on  sheep  serum  agar,  and  a  few  drops  of  spinal  exudate,  from  a  case  of 
pneumoeoecie  meningitis  (Schirck).  7:00  P.M.  On  perch;  hair  erected;  not 
very sick.  May 25,  IO :oo A.M.  Not very sick.  L.  p. ;4 small  quantity  of clear 
fluid containing a  few polymorphonuclear  leucocytes;  no cocci.  Injected 0.5  e.c. 
of  a  bouillon  suspension  from  a  fresh  culture  of  same  organism.  2:oo  P.M. 
Monkey  sick,  lying  partly  down  on  perch.  4:0o  P.M.  L.  p.;  no  fluid  runs 
from needle.  A  little pus  mixed with water remaining in needle is drawn  up by 
the syringe.  Film shows polymorphonuclear  leucocytes and  some Gram positive 
diplococei  intra-  and  extracellular.  May 26,  9 :oo A.M.  Animal lying on  side; 
very  sick.  IO:OO A.M.  General  convulsion.  II:OO  A.M.  L.p.  Cloudy  fluid 
containing  flakes  of  ceils.  Many  leucocytes  and  diplococci  some  of  which  are 
intraeeilular.  II:IO  A.M.  General  convulsion;  some  retraction  of  head;  nys- 
tagmus;  body  limp. 
May 27,  died at 9:3o A.M.  Autopsy at  II :oo A.M.  The vessels of the cere- 
bral  meninges  are  injected  and  there  is  cloudy fluid  in  the  meshes  of  the  pia 
arachnoid,  especially  over  the  medulla.  The  ventricles  contain  an  excess  of 
cloudy fluid,  but  no  purulent  exudation.  No  macroscopic  changes  in  the  other 
organs.  Films  from  the  cerebral  meninges  and  ¢horoid  plexus  show  many 
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diplococci, nearly all extracellular.  Many diplococci in heart's blood and  spleen. 
Pure  cultures  of  pneumococcus  from  surface  of  brain,  lateral  ventricle,  heart's 
blood,  and  spleen. 
The  experiment requires  little  comment.  Clinically  there  were 
many of  those manifestations  of meningitis  which  occur in  man. 
Septicemia  supervened.  Death  occurred  early.  At  autopsy  the 
familiar  morphological  and  bacteriological  conditions  were  en- 
countered. 
In  the second experiment an organism  of that  variety which is 
commonly called avirulent was used.  It was isolated directly from 
the saliva of a  well person on January 25,  I9II.  The colony was 
of  the  characteristic  ring  form.  In  subcultures  the  orgarfism  ex- 
hibited  the  typical  cultural  and  morphological  characters  of  the 
pneumococcus; it  fermerrted inulin  feebly, and was  soluble  in bile. 
o. 5  of a  cubic centimeter of a  broth  culture proved harmless to  a 
mouse.  From the time of its isolation until the date of this experi- 
ment, i. e.,  for ten weeks, the organism had been kept continuously 
on plain agar at 37 ° C. by third day transplantations. 
Apr. 4,  1911.  Monkey 2.  Cercopithecus callitrichus;  rather  large.  3:3o P.M. 
Under  ether  anesthesia  injected  into  cranium  through  fine  trephine  opening  in 
left frontal  region I  c.c.  of a  24 hour plain  broth  culture of pneumococcus  L. 9. 
Animal conscious  in five minutes.  4:30  P.M.  Bright  and  active just  as  before 
inoculation.  Apr.  5,  9:3o  A.M.  Animal  sits  on  perch  with  head  bowed;  hair 
over  anterior  part  of  body  erected.  No  paralysis  or  other  focal  symptoms. 
3:3o  P.M.  A  little worse;  entire  coat  erect;  little resistance  to  being captured. 
L.  p.  I  c.c. of  distinctly turbid  fluid  drops  from needle;  no  coagula.  Many pus 
cells  and  typical  diplococci  mainly  extracellular;  very  little  phagocytosis. 
Transplantation  of  one  loop  of  fluid  affords  many  colonies  of  pure  pneumo- 
coccus.  Apr.  6,  9:oo  A.M.  Animal  lively;  does  not  appear  ill;  coat  smooth. 
io :oo A.M.  L.  p.  4  drops  of  turbid  fluid  slowly.  Many  p.  n.  1.," but  fewer 
than yesterday;  moderate number of large, and  a  few small,  mononuclear  leuco- 
cytes.  Fewer diplococci than  in yesterday's  fluid; no phagocytosis.  Slight pure 
growth  of  pneumococcus.  Apr.  7.  Animal  seems  well.  Apr.  IO.  Well.  May 
8.  Continued  well. 
The experiment has already been referred to in the introduction. 
It led to the trial of another strain of pneumoeoccus, and one known 
to be virulent.  The value of lumbar puncture in affording impor- 
tant information is apparent. 
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In  all  the experiments now  to be  reported  the virulent  culture 
described before was used. 
Apr. 9,  I91O.  Monkey 3.  Cercopithecus  callitrichus;  very large.  11:3o A.M. 
Under  ether  anesthesia  injected  into  cranium  I  c.c.  of  a  24  hour  plain 
broth  culture  of  pneumococcus X.527  Animal is  recovering while the wound  is 
being  closed.  Recovery  complete  in  a  few  minutes.  Apr.  Io.  Animal  found 
dead  at 7:oo A.M.  Death  occurred  about  19 hours  after  inoculation. 
9:3o  A.M.  Autopsy.--Upper  lip  retracted;  both  eyelids  swollen;  pupils  one 
half  dilated,  round,  equal.  Lumbar  puncture;  two  drops  of  slightly  turbid 
fluid; very few p.  n. 1. ; myriad diplo¢occi; many typical pairs,  also  short chains; 
many  degenerative  forms.  The  brain  shows  yellow  through  the  dura  mater. 
The pia is  milky and  covered everywhere with a  viscid exudate,  greatest  at  the 
base  of  the  cerebrum.  The  lateral  ventricles  contain  a  small  quantity  of  the 
same  exudate.  The  pia  of  the  cord  is  milky  everywhere,  and  there  is  a  scant 
exudate.  The  ventral  cavity  of  the  body  presents  no  gross  changes.  Films 
from the surface of the cerebrum,  the lateral ventricle, and  the  spinal  cord  dis- 
cldse many  p.  n.  1.  and  a  great  many  cocci in pairs  and  short  chains,  with  only 
an  occasional  example  of  phagocytosis.  In  the  heart's  blood  are  many  typical 
pairs  and  short  chains.  The  spinal  fluid,  lateral  ventricle,  and  the  heart's 
blood all afford a  pure profuse growth of pneumococcus. 
The  quantity of  culture  was  large,  and  the  disease  fulminant, 
septicemia  quickly  supervening.  The  experiment  indicates  how 
quickly the spinal meninges may become involved and how rich the 
early exudate may be in fibrin.  The bearing of the nature of the 
exudate upon the  efficacy  of treatment is most  important,  as  will 
appear  in the succeeding protocols. 
The  next  experiment was  performed in  the  same  way  with  a 
smaller quantity of culture. 
Apr.  IO,  1911.  Monkey  4.  Cercopithecus  callitrichus;  medium  size.  II :4o 
A.M.  Ether anesthesia;  injected intracranially o.I  c.c.  (I  c.c.  of a  I  to  IO broth 
dilution)  of a  24  hour  broth  culture  of  pneumococcus  X.5".  Complete recovery 
in  a  few  minutes.  5:oo  P.M.  Animal  seems  well.  Apr.  II,  9:15  A.M. 
Animal sits bent  forward  slightly; coat slightly raised;  eyes watery;  pupils  half 
dilated,  round,  and  equal;  respiration  moderately  accelerated.  L.  p.  3  drops  of 
slightly turbid  fluid  very slowly;  very  few  p.  n.  I.;  few typical  pairs  of  extra- 
cellular  pneumococci.  Moderate  pure  growth  from  one  loop  of  fluid.  P.M. 
Animal  perhaps  slightly  worse.  Apr.  I2,  9:3o  A.M.  Worse;  reclines  on  floor 
of  cage  in  the  corner;  coat  erect.  Several  attempts  to  obtain  spinal  fluid  are 
unsuccessful.  In  the  afternoon  the  animal's  condition  grows  worse.  Apr.  I3, 
6The  Roman  numeral  refers  to the name  of the culture;  the Arabic  decimal 
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A.M.  Much weaker; lies on floor with head  retracted.  Made two unsuccessful 
attempts  to  obtain  spinal fluid.  During  the  afternoon  the  weakness  slowly 
progresses. 
Apr.  ~4.  Found  dead  at  7:5o  A.M.  The  body  is  fresh.  Death  occurred 
about  3½  days  after  inoculation.  Autopsy  12  M.  The  inflammation  is  intense 
over the vertex of the cerebrum, and gradually  diminishes towards  the base and 
the  medulla to become slight  throughout the  meninges of the  cord.  The cere- 
bral  cortex  is  yellow  and  the  sulci are  distended  with  pus  and  fibrin.  The 
ventricles  contain  a  moderate  quantity  of  turbid  fluid.  Films  from the  brain 
show many p. n. 1. and very many cocci in pairs  and  short chains;  fewer  in the 
scant  spinal exudate.  Profuse  cultures  from  cortex,  lateral  ventricle,  spinal 
cord, and heart's blood. 
With  the  smaller  quantity  of  injected  culture  the  disease  was 
slower in developing and the local inflammatory reaction was more 
marked.  Spinal  fluid  could  not  be  obtained  after  the  end  of  the 
second day probably because of the thickening of the meninges and 
the  absorption of the fluid by the fibrin in the  exudate.  The usual 
richness  of  the  exudate  in  fibrin,  a  characteristic  of  pneumococcic 
inflammations  in general,  has  in  this  particular  disease  an  indirect 
effect in materially lessening the quantity of fluid which may be  in- 
jected and in hindering its diffusion throughout the spinal canal and 
into the cranium. 
The  remainder  of  the  experiments  grouped  under  this  heading 
were performed at intervals during the work largely/or the purpose 
of often controlling the  virulence of  the  culture,  and  the  effect  of 
treatment  in companion experiments.  In each of them the  culture 
was  injected  by  the  spinal  route. 
May 8,  1911.  Monkey  17.  Macacus rhesus; medium size. 
9:45  A.M.  Injected,  intraspinaUy,  after  the  free  withdrawal  of  1.5  c.c. of 
clear fluid, o.I c.c. (I c.c. of a  I to io broth dilution)  of a 24 hour broth culture 
of  pneumococcus  X.511.  No  symptoms.  May  9,  A.M.  No  signs  of  illness. 
2:45 P.M.  Animal is restless  and eats less than  usual.  L.p. 1.2 c.c. of slightly 
turbid  fluid freely.  Sediment  obtained  by  centrifugal~zation;  many  p.  n.  I.; 
few  large  and  small mononuclear  leucocytes;  few  extracellular  diplococci. 
Profuse growth in  culture.  May  IO, 9:oo A.M.  Animal  sits  bowed on perch; 
hair raised  slightly;  weakness in movements upon being disturbed,  lO:45 A.M. 
L.  p.  I2  c.c. less turbid  fluid freely;  several  small  white  flakes;  fewer  t~ells; 
many cocci in pairs and a few short chains ; slight phagocytosis.  Profuse growth 
in  culture.  P.M.  Animal  becomes worse  with  great rapidity  and  dies at  5 :oo 
P.M., 2]  days  after  inoculation. 
Autopsy.--May  II, 9:oo P.M.  The  spinal membranes  are  moderately  con- 
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are glued together,  and  the  cortex  tears in  several places as  the  dura  is being 
reflected.  There  is  a  general  moderate  congestion  most  marked  at  the  base. 
The pia is cloudy everywhere and opaque in the sulci.  The ventricles contain a 
small quantity of  rather  thick yellowish fluid.  In  films  from  the  cortex  there 
are a  great many pus cells and many diplococci for the  most part  extracellular 
and only fairly well preserved.  There is moderate phagocytosis.  In the spinal 
exudate there are fewer pus cells and diplococci and less phagocytosis.  On the 
surfaces of the lower lobes of both lungs is much mucilaginous exudate in sheets 
and  clumps  containing many poorly staining pus  cells and  a  moderate number 
of typical pneumococci, of which a  few are intracellular.  Otherwise the ventral 
cavity  is  negative.  No  bacteria  seen  in  the  heart's  blood;  culture  negative. 
From  the  cerebral and  spinal  exudate  the  pneumococcus  grows  profusely and 
pure. 
At  first  the  animal  offered  considerable  resistance,  shown  by  its 
physical condition,  the polymorphonuclear  cell reaction in the spinal 
fluid,  and  the  slow  multiplication  of  the  diplococcus.  Then  it 
showed signs of illness and became worse with great  rapidity, while 
coincidently the  cellular  reaction  subsided  and  the  cocci grew  pro- 
fusely.  The  absence  of  cocci  from  the  blood  at  autopsy  indicates 
that  the  meningitis  itself  may  cause  death  without  the  superven- 
tion  and  help  of  septicemia.  There  was  a  metastatic  pleurisy  of 
slight  extent  and  degree. 
The  experiment  reported  next  was  done  in  the  autumn  after  the 
summer  interruption  of two  months,  during  which  time  the  culture 
was preserved  in the dried spleens of infected mice. 
Sept. I9,  I9IL  Monkey 32.  Macacus rhesus; medium size. 
II :oo A.M,  L.p.: three attempts to obtain fluid failed; on the third attempt. 
injected o.i c.c.  (I c.c. of a  I  to Io broth dilution)  of a 24 hour broth culture of 
X.91.  With the needle and syringe still in place withdrew and reinjected 0.3 c.c. 
for assurance.  No  symptoms.  During remainder of the day the animal seems 
well.  Sept.  20,  9:00  A.M.  Animal  not  so  active  as  yesterday.  II:oo  A.M. 
Ill;  rather  quiet;  deliberate in  movements;  eyes  dull;  coat  beginning  to  rise. 
2:00  P.M.  All symptoms  more  marked;  weakness  evident as  animal  springs; 
head retracted at times.  4:00  P.M.  Worse; coat much  raised.  Sept. 2I,  A.M. 
Animal is worse; quite weak, but still moves about;  coat rough.  P.M.  Condi- 
tion  about  the  same.  Sept.  22,  9:22 A.M.  Animal  much  worse;  no  longer 
jumps but  climbs slowly up grating of  cage to  perch.  P.M.  Very weak;  sits 
quietly huddled;  does  not  move  when  touched.  Sept. 23,  9:00  A.M.  Prone; 
apparently  dying;  head  much  retracted.  Death  at  Io:3o  A.M.,  4  days  after 
inoculation. 
,4utopsy.--Performed  at  once.  The  brain  and  cord  are  moist.  The  pia 
everywhere  is  thickened,  opaque,  and  yellowish white,  more  over  the  cerebral 
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fluid.  Diplococci  are present  all along the  cord and  over the brain  beneath  the 
dura.  They  are  not  numerous  except  in  the  fibrinous  exudate  covering  and 
infiltrating  the  pia  of  the  convexity  of  the  brain,  where  there  are  enormous 
numbers.  Phagocytosis  is  slight.  At the  bases  of both lungs  there  are  a  few 
deposits  of a  dry fibrinous  exudate  containing  pus  cells and  diplococci.  From 
the  cortex,  lateral  ventricle,  spinal cord,  and  pleural  exudate  the  pneumococcus 
grows profusely;  from the  heart's  blood, in  a  few  isolated  colonies. 
The  experiment  indicated  that  the  organism  had  preserved  its 
virulence.  The  disease  progressed  gradually  and  steadily.  Again 
the inflammation appeared to be greater in the  cerebral than  in  the 
spinal  meninges  although the  inoculation was  made  into  the  spinal 
canal.  The  dry  pleurisy  occurred  again.  And,  as  in  the  preced- 
ing  experiment,  septicemia  did  not  seem  to  be  necessary  to  cause 
death.  The few cocci found in the blood at autopsy were probably 
the  expression  of  an  agonal  invasion  rather  than  of  a  true  septi- 
cemia.  The  animal  of this  experiment  was  the  companion to  one 
inoculated at the same time in the same way and treated later  (com- 
pare  monkey 33 of the third  group). 
Dec. 12, 1911.  Monkey 45.  Macacus rhesus; medium size.  1:55 P.M.L.p.: 
about 0.7 c.c. of clear fluid;  injected o.I c.c. of a 22 hour broth culture  of X.II  5. 
Slight  retraction  of back  upon  completion of injection  passing  away  in  a  few 
seconds.  For the  remainder  of the day until  6 o'clock, when it is observed  for 
the last  time, the animal seems perfectly  well.  Dee. IS.  Animal  found dead at 
8 :oo A.M.  Lived about  15 or 16 hours after inoculation. 
Autopsy.--At 9:3o A.M.  Body fresh.  There is a moderate  quantity  of yel- 
low, 'sticky  exudate  all  along  the  spinal pia, and  over  the  brain,  being  most 
abundant  at  the  base.  The  ventricles  contain  a  modicum  of  opalescent  fluid. 
In the  meningeal  exudate  everywhere  there  are  many  pus  cells and  enormous 
numbers  of  diplococci, many  of which  are  intracellular.  Cultures  are  profuse 
and  pure.  Films  from the  left lateral  ventricle  show a  few  mononuelear  cells, 
no  p.  n.  1.,  and  no  cocci.  No  growth  upon  transplantation  from this  source. 
Heart's  blood:  moderate  number  of  typical  capsulated  pairs  and  a  few  short 
chains;  profuse growth in culture.  Both lungs are slightly congested and edem- 
atous,  but there  is  no consolidation.  Otherwise  the  ventral  cavity  is  negative. 
This  experiment  shows  the  fulminant  disease.  It is  remarkable 
that so intense a  purulent inflammation with  fibrin  formation could 
occur in such a  short time.  At this  season, during the cold of mid- 
winter,  the  disease  ran  regularly a  shorter course than  it had  done 
in  the  spring  and  autumn.  Possibly  also  this  animal  was  unduly 
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ing and of using the culture, which in all other tests exhibited what 
is  commonly accepted as  maximum  virulence. 
Two  more  experiments  to  illustrate  the  untreated  disease  very 
similar  to the  one  just  described  may be summarized.  The  mon- 
keys were inoculated  in the usual  way late in the afternoon  of De- 
cember 14,  I91I, and on January 5, I912, respectively.  Seen twenty 
and  forty-five minutes later the animals  seemed well; but both died 
during the night,  one about thirteen hours, and the other about nine- 
teen  hours  after  the  inoculation.  The  autopsy  in  each  instance 
showed a  general purulent  cerebrospinal meningitis  and  septicemia. 
The rapidity of the development is evident. 
It  was,  as  already  stated,  in  mid-winter  that  the  disease  was  so 
much more severe than it had been before.  Therefore the quantity 
of culture  inoculated  was  reduced  to one  fifth  of  what  had  been 
regularly used before.  The protocols of the experiments  appear  in 
the second and  third  groups. 
To summarize:  the  experiments  show  that  virulent  pneumococci 
when  injected  into  the  posterior  cavity  of  monkeys  produce  regu- 
larly  an  inflammation  of the  meninges,  and  particularly  of the  pia 
mater,  attended  by  bacteremia;  that  the  inflammation  becomes 
quickly  purulent  and  fibrinous  in  character,  extends  readily  from 
the cerebral  to the  spinal  meninges  and  vice versa,  and  is  so regu- 
larly  attended  by certain  definite general  symptoms that  the  whole 
constitutes a  definite  disease entity. 
INFLUENCE OF TREATMENT WITH IMMUNE SERUM. 
In  all,  eleven experiments  were  made  with  immune  serum.  In 
two not only the  animal  was treated  but also the  culture  before it 
was inoculated.  That  is,  in order to make the  simplest  test of the 
serum,  a  large  quantity,  many times  that  required ¢o protect  a  rat 
against  the  same quantity of culture  as  the  monkeys  received,  was 
added  to  the  culture,  the  mixture  incubated,  and  then  inoculated 
into  the  monkey,  which  later  received  still  more  serum.  In  nine 
experiments of this group, as well as in all those of the third group, 
the  animal  was  first  inoculated  with  the  culture  alone  and  then~ 
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the  beginning  of treatment  was  usually  determined  by  the  physical 
condition  of  the  animal  and  the  character  of  the  spinal  fluid.  As 
a  rule,  in the treatment  with immune  serum  alone,  this  interval  was 
short.  The  results  of  early  treatment  were  so  little  encouraging 
that  there  was  no  reason  to  increase  the  interval  between  inocula, 
tion and  the beginning  of serum  treatment.  Once begun  the  treat- 
ment  was  usually  repeated  once  a  day as  long  as  the  animal  lived; 
or,  as occurred in two  instances,  until  the  physical  condition  of the 
animal  was much  improved and  the  spinal  fluid  gave  no growth  of 
the  coccus.  The  quantity  of  serum  injected  was  the  maximum  of 
what  was  considered  safe,  and  was  determined  by  the  quantity  of 
fluid  which  had  been  withdrawn,  and  the  condition  of  the  animal 
while  the  slow  injection  was  being made.  In the beginning  of the 
disease  it was almost always possible to inject two cubic centimeters 
with  no  apparent  embarrassment  to  the  animal;  later,  as  the  dis- 
ease progressed,  less spinal fluid could be withdrawn  and less serum 
injected,  but  even  then  it  was  usually  possible  to give  at  least  one 
cubic  centimeter  without  appreciable  harm.  In  some  experiments 
concentrated  serum was used ; in others a  40 per cent.  dilution.  Of 
itself  the  serum  seemed  to be  harmless. 
Apr.  14,  1911.  Monkey 9.  Cercopithecus call#fichus;  large  size. 
9:55  A.M.  Under  ether  anesthesia  injected  intracranially  o.I  c.c. of  a  24 
hour  broth  culture  of X.5  ".  Recovery complete  in  a  few  minutes.  1:55  P.M. 
No signs of illness  noticed.  L. p. : o.5 c.c. of slightly blood-tinged fluid.  In the 
sediment there are no more leucocytes than the presence of blood accounts for, 
and no cocci are seen.  Twelve colonies of pneumococcus grow from the planted 
fluid. 
Injected  2  c.c. of  immune  serum  (goat  5,  bleeding  of  February  16,  1911). 
No  symptoms  attend  or  follow  injection. 
Apr. 15, A.M.  Animal is slightly ill; sits quietly but moves with agility when 
disturbed;  coat somewhat fluffy,  lO:15 A.M.  L.p.: 2 drops of clear fluid; very 
few  cells,  about  half  of  which  are  polymorphonuclear and  half  mononuclear; 
no cocci seen.  Scant growth of pneumococcus in culture.  Injected 2 c.c. of the 
same immune serum. 
Apr.  16,  lO:15  A.M.  Animal  slightly  worse;  not  so  quick  in  movements; 
head droops a little.  L. p.: no fluid  obtained.  Injected 2 c.c. of immune serum 
without  resistance.  Apr.  17,  lO:3O A.M.  Slightly  worse.  L.  p.:  no  fluid 
obtained.  Injected  2  c.c. of  immune  serum;  slight  struggle  towards  close  of 
injection.  Until  noon  the  animal  remains  in  about  the  same  condition.  P.M. 
Much worse; lies  down sometimes; no longer eats. 
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Obtained; believing that  the  animal would  die  if  left alone,  we  injected again 
2  c.c. of  immune serum.  The last half  of  the  injection is attended with  slight 
struggle and embarrassment of  respiration.  During the  remainder of  the  day 
the animal's condition seems  about the  same as  before the  injection.  Apr.  19. 
Animal found dead at 8 :oo A.M.  It died 4~  days after inoculation. 
Autopsy at  IO:OO A.M.  Intense inflammation of cranial meninges; the sulci 
are widely distended by a purulent exudate rich in fibrin.  There is a small area 
of  red  softening on the  superior  surface  of  the  right lobe  of  the  cerebellum. 
The  spinal cord  is  enveloped throughout by  a  yellowish  sheath  about  2  mm. 
thick  representing the  pia  and  the  fibrinopurulent exudate.  There  are  many 
p. n. 1. and enormous numbers of cocci in pairs and short chains in the cerebral 
and spinal exudate.  Phagocytosis is slight.  In culture profuse pure growth of 
pneumococcus from exudate and heart's blood. 
In  this  experiment  treatment  was  begun  early  and  only  four 
hours  after the  inoculation while the  animal still seemed well;  and 
although the bacteria had already reached the  spinal fluid probably 
only slight  multiplication had  occurred,  for  they  were  too  few  in 
number to be seen in films.  Even on the second day the animal was 
still very strong.  At the best the serum only delayed the  fatal issue 
a  little while.  It may not have reached the brain in more than small 
quantities much diluted, but even in the  spinal canal where  it  was 
present and could not have been greatly  diluted it  did  not prevent 
the  growth  of  the  cocci  and  the  production  of  an  inflammation. 
almost as severe as that in the cerebral meninges. 
Apr. 21,  1911.  Monkey II.  Macacus  rhesus; large. 
II :IO A.M.  Under  ether  anesthesia injected intracranially o.I  c.c. of  a  24 
hour  broth  culture of  X.5  ~.  Complete  recovery  at  once.  3:IO  P.M.  Animal 
seems  a  little torpid;  otherwise no signs of  ill~ess  are detected.  L.p.:  1.2 c.c. 
of turbid fluid  freely; moderate number of p. n. 1.,  more than a  moderate num- 
ber  of  extracellular  diplococci.  Profuse  growth  in  culture.  Injected  easily 
2 e.c. of immune goat serum.  No symptoms.  Also injected intravenously 5 c.c. 
of immune serum.  This injection is followed by a mild shock of short duration. 
Seven  minutes  later  the  animal  has  recovered  completely.  4:3o  P.M.  The 
animal huddles against another in the cage; moves  with agility when disturbed; 
coat  slightly  raised.  The  animal  was  observed  no  more  this  day,  and  was 
found dead at 7:3o the next morning.  It probably lived 8 or 9 hours after the 
inoculation. 
Autopsy.--II:3O A.M.  The  membranes of  the  brain,  chiefly  over  the  con- 
vexity, are milky from the presence of  a  moderate quantity of  yellowish white 
exudate  containing some  fibrin.  Films  show  many  p.  n.  1.  and  very  many 
diplococci.  In the  spinal canal there  is less  exudate but yet p.  n. 1.  and many 
diplococci.  The  heart's  blood  contains  many  diplococci.  Profuse  growth  of 
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In  this  experiment  the  animal  was  unusually  susceptible,  for  in 
four hours it had become ill and the bacteria  had reached  the spina]~ 
fluid  and  begun  to  multiply.  It  was  on  this  account  that  the  in- 
travenous  injection  of  immune  serum  was  made.  At  least  it  was 
not  effective  in  delaying  death.  The  experiments  were  so  little 
encouraging  that  an attempt  was  made  to  afford  the  serum  better 
opportunities to exert any beneficial action of which  it might be ca- 
pable.  To this end the culture and serum were mixed and incubated 
and then injected  in order to see if  infection  would be prevented. 
Apr.  2I,  1911.  Monkey  I2.  Macacus rhesus;  small. 
4:oo P.M.  Under ether anesthesia injected intracranially a mixture consisting 
of o.I  c.c.  of  a  24 hour  broth culture  of  X.56  and  I  c.c.  of  immune goat  serum. 
The  mixture  had  been  incubated  for  I  hour  and  IO  minutes  at 37 ° C.  and  then 
kept in the refrigerator  for 3o minutes.  A  culture of  the mixture just before it 
was  injected  furnished  a  moderate  growth  of  pneumococcus.  The  animal 
quickly recovered and seemed well  for the remainder of the day.  Apr. 22.  The 
animal  may  be  a  little agitated;  otherwise  it  seems  well.  II ;oo A.M.  L.  p.:  I 
c.c.  of  turbid  fluid  freely;  a  moderate  number  of  p.  n.  1.,  a  few  mononuclear 
cells,  and  no  cocci.  No  growth  in  culture.  Apr.  23.  Animal  seems  well 
throughout  the  day. 
Apr.  24,  A.M.  Still  seems  well.  At  3:3o  P.M.  the  animal  is  first  noticed 
to  be ill.  It  is  greatly  agitated,  shaking  at  the  grating  of  the  cage.  In  a  few 
minutes it lies prone and trembling with roughened coat.  On being taken up an 
almost  complete  flaccid  paralysis  of  the  left  anterior  extremity  and  a  spastic 
paresis of  the left posterior  extremity is apparent.  There is  slight ptosis of  the 
left upper  eyelid.  4 :oo P.M.  Animal weaker.  L.  p. : turbid fluid flows  quickly 
under  pressure;  a  few  p.  n.  1.  and  mononuclear  ceils;  more  than  a  few  diplo- 
cocci;  no  phagocytosis;  profuse  growth  in  culture.  Injected  immune  goat 
serum,  stopping  at  1.6  c.c.  upon  the  appearance  of  struggle  and  slight  embar- 
rassment  of  respiration;  recovery  in  one  minute.  6:oo  P.M.  Condition  about 
the  same  as  before  the  injection.  Animal  found  dead  at  7:30  P.M.,  3~  days 
after  the  inoculation. 
,4utopsy.--April  25,  Io:30  A.M.  There  is  an  intense  fibrinopurulent inflam- 
mation of  the pia of  the brain and cord,  which is  more pronounced  in the brain 
where  the  sulci  are  widely  distended  by  a  thick  yellow  exudate.  The  cortex 
everywhere is  much congested,  even within its  substance.  There is a  large area 
of  red  softening in  the right temporal  lobe.  The  ventricles  contain  a  moderate 
quantity  of  turbid  fluid.  In  films  from  the  brain  and  cord  there  are  many 
p.  n.  1.  and  enormous  numbers  of  diplococci  everywhere.  Profuse  growth  in 
cultures  from the brain and heart's Mood. 
In this experiment the immune serum had already  effected  a  con- 
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fore it was  injected.  The  condition of  the animal  for the first two 
days and the character of the spinal fluid seemed to indicate that the 
infection if not prevented was  retarded.  Then  symptoms  of  illness 
appeared  more  or less  suddenly  and  the  animal  very  rapidly weak- 
ened  and  died  at  about  the  time  the  untreated  controls  did.  The 
autopsy  indicated that  the  disease  was  developing all  the  while  the 
animal  showed  few  or  no  chemical  signs  and  explained  the  focal 
symptoms. 
It  was  at  this  point  that  the  intracranial  method  of  inoculating 
was  abandoned  and  the  intraspinal  substituted.  The  next  experi- 
ment  resembled  the  one  just  described  except  that  the  mixture  of 
culture and serum was  injected into the spinal canal, and the  animal 
itself was later given a  regular course of serum treatment  regardless 
of  its  apparent  condition. 
Apr. 25,  19II.  Monkey 13.  Macacus rhesus;  medium  size. 
1:3o  P.  M.  Injected intraspinally a  mixture  consisting  of  o.I  c.c.  of  a  24 
hour  broth culture of X.5* and  I  c.c. of immune goat serum.  The  mixture had 
been incubated  for one hour  at 37 ° C.  A  transplantation from  it just before it 
was  injected  furnished  a  moderate  growth  of  pneumococeus.  No  symptoms 
followed  the  injection.  Remainder  of  the  day  animal  seems  well.  Apr.  26. 
Animal seems  perfectly well.  IO:OO  A.M.  L.p.:  1.5  c.c.  of  moderately turbid 
fluid  freely;  a  moderate  number  of  p.  n.  1.  and  a  few  mononuclear  cells  are 
seen in films.  There are a  few bodies, about half intra- and half extracellular, 
which  appear to be swollen cocci.  Here and  there an  occasional diplococcus is 
identified.  Transplantation  gives  rise  to  no  growth.  Injected  1.8  c.c.  of  im- 
mune  serum;  considerable struggling.  During  the  afternoon  the  animal  seems 
well.  Apr. 27,  2:50 A.M.  No  evidence of  illness.  L.  p. :  I  c.c.  of  fluid, about 
half as turbid as that obtained yesterday, flows slowly; p. n.  L predominate; no 
bacteria seen;  no growth  occurs.  Injected 2  c.c. of immune  serum;  only slight 
struggling.  Apr.  28.  Animal  seems  perfectly  well.  9:45  A.M.  L,  p.:  I  c.c. 
of  faintly turbid  fluid;  a  few  cells about  half  of  which  are  mononuclear;  no 
bacteria  seen;  no  growth  occurs.  Injected  1.8  c,e.  of  immune  serum;  much 
struggling.  Apr. 29.  Well. 
The  animal  remained  well  for  one  month  when  it  developed diarrhea,  be- 
came emaciated rapidly, and died on June 30. 
Autopsy  at  4:oo  P.M.  Body  much  emaciated.  Nothing  abnormal  is  dis- 
covered in the central nervous system.  There is an extensive ulcerative enteri- 
tis and hyperplasia of  the mesenterie lymph nodes.  Transplantations  from  the 
cerebral cortex,  lateral ventricle, spinal cord,  and. heart's  blood give rise to  no 
growth. 
In  this  experiment  the  immune  serum  was  given  the  maximal 
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and  later  administered  three  times  to  the  animal  it  prevented  the 
occurrence  of  infection.  Such  prevention  of  infection,  while  un- 
doubtedly  indicative  of  a  beneficial  action  of  the  serum,  is  to  be 
sharply  distinguished  from  the  arrest  of  an  established  infection. 
In the  next  experiment  the  test  of  the  serum  was  made  somewhat 
more  difficult. 
May i,  I9ii.  Monkey  I6.  Macacus rhesus; medium size. 
II :50 A.M.  Injected intraspinally  o.I c.c. of a 24 hour broth culture  of X.5*. 
At  1:50 P.M.  animal  well.  L.  p.:  3  drops  of  opalescent  fluid slowly;  a  few 
mononuclear  cells and  an  occasional  pair  of  cocci in  films;  slight  growth  in 
culture.  Injected 2 c.c. of immune goat serum.  Animal  seems well remainder 
of the  day.  May 2,  9:4o A.M.  Animal  may be a  little  agitated;  otherwise  no 
signs of illness can  be detected.  L.  p. : about  0.7  c.c. of a  slightly  turbid  fluid 
containing  one small white flake;  a  fair number  of white cells, half p. n. 1. and 
half  mononuclear;  no  bacteria  seen;  no  growth.  Injected  2  c.c. of  immune 
serum.  May  3,  A.M.  The  animal  eats  with  normal  greed  and  seems well. 
II:Io A.M.  L.  p.:  I  c.c. of  opalescent  fluid slowly;  more  white  cells than 
yesterday;  ratio  about  the  same;  no bacteria  seen;  no growth.  Injected 2 c.c. 
of  immune  serum.  May  4,  Io:o5 A.M.  Animal  has  continued  well.  L.  p.:  2 
drops of clear fluid;  an occasional p. n. 1. and a very few mononuclear  cells;  no 
bacteria  seen;  no growth.  No serum  injected. 
The  animal  was  kept  under  observation  for  two  months  during 
which time  it  remained  well. 
Immune  goat  serum  given  two  hours  after  the  inoculation  and 
once on each of the  two  succeeding days  seemed  to  prevent  multi- 
plication  of  the  bacteria  and  the  occurrence  of infection,  although 
the  animal  was  apparently  intoxicated  for one  day  after  the  inoc- 
ulation. 
These  two  were  the  only  instances  in  which  an  immune  serum 
prevented  the  infection and  death  of  the  animal.  In all other  ex- 
periments  where  a  longer  period  than  two  hours  was  allowed  to 
elapse between inoculation and the beginning of treatment  not only 
did all of the  animals  die,  but the  disease  followed much the  same 
course as in the  untreated  control animals.  These  experiments  are 
summarized in table  I  (page 598). 
The  experiments  call  for little  discussion.  They  show  that  im- 
mune  serum  had  a  distinct,  though  only  slight,  restraining  influ- 
ence upon infection.  When administered  within  two hours  it  pre- 
vented  the  occurrence of  infection  in  two  instances.  When  given 598  Chemo-Immunological  Studies  on  Localized  Infections. 
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later  the first injection  seemed usually to restrain  infect.ion, but the 
restraining  action was of short duration,  the disease quickly devel- 
oping  into its  usual  course and  producing  death.  An  even appar- 
ently  beneficial  action  of  subsequent  injections  was  rare.  Thus 
the serum was utterly powerless to stop an infection once well begun 
and to prevent the death  of the animal. 
INFLUENCE  OF  TREATMENT  WITH  A  MIXTURE  OF  SODIUM 
OLEATE~  IMMUNE  SERUM,  AND BORIC ACID. 
In the  experiments  of this  group the  animal  was  first inoculated 
in the spinal  canal.  Afterwards,  according particularly  to the  ani- 
mal's  physical  appearance  and  the  state  of  the  spinal  fluid,  treat~. 
ment  was  begun.  As  a  rule,  the  treatment  was  repeated  once  a 
day during the life of the animal,  or umil the spinal fluid gave no, or 
very little,  growth of pneumococcus.  Each cubic centimeter  of the 
mixture contained o.I of a cubic centimeter of a  I  per cent. aqueous 
solution  of  Merck's  or  Kahlbaum's  sodium  oleate,  0.2  of  a  cubic 
centimeter  of  the  immune  antipneumococcic  serum,  and  0. 7  of  a 
cubic  centimeter  of  a  5  per  cent.  aqueous  solution  of  boric  acid. 
The  mixture  was  always  freshly  prepared  for  each  injection.  In 
the  protocols  it  is  designated  by the  letters  T.  M.  As  in  the  ex- 
periments  with immune  serum,  usually two cubic centimeters  were 
injected each time during the early stages of the experiment,  later it 
was often not possible to inject more than one cubic centimeter with- 
out  causing  symptoms  of  pressure.  Of  itself  the  mixture  was 
harmless,  both in infected animals  and in normal  ones employed to 
determine this point. 
The  nineteen  experiments  will  be first  recorded  in  the  form  of 
a  table  (table  II)  showitlg  the  gross  features  and  result  of  each, 
after  which  a  few  that  possess  features  of  special  importance  or 
interest  will be described at greater  length. 
From the table it is apparent  that  in those instances  in which re- 
covery took  place  it  did  so  only  after  repeated  injections  of  the 
mixture  of sodium oleate, immune serum,  and boric acid.  In only 
one  instance,  that  of monkey 28,  were  as  few as  three  treatments 
given.  The  average number was five or six.  This  means that  an 
actual  disease was treated,  as  was  clear  from  the  animal's  general 600  Chemo-Immunologicat  Studies  on  Localized  Infections. 
physical condition, its  behavior,  and  from the continuous presence 
of pus and live pneumococci in the cerebrospinal fluid.  After each 
treatment  it  was  usual  to  notice  an  improvement  in  the  physical 
condition, a clearing of the spinal fluid, and a reduction in the num- 
ber of diplococci.  This was true particularly of the first injection, 
which was usually followed by a disappearance of the bacteria from 
the circulating blood, and not only in those instances where recovery 
occurred but  also  often  even  in  those  which  terminated  fatally 
The subsiding of the bacteremia is  probably due,  as  Dr.  Flexner  11 
has said in his lecture upon local specific treatment, not only to the 
con'trol of the local infection but also to the action of immune prin- 
ciples which have diffused from the cerebrospinal fluid into the gen- 
eral circulation. 
_An  example  of  the  disease  terminating  in  recovery is  afforded 
by the protocol of monkey 35. 
Sept. 26,  I9II.  Monkey 35.  Macacus  rhesus;  fairly large. 
4:05  P.M.  L.p.:  clear  fluid;  injected o.I  c.c.  of  a  20 hour  broth  culture  of 
X.II t  (made  directly  from  the  heart's  blood  of  a  mouse).  At  6:00  P.M.  no 
change  is  apparent.  Sept.  27,  9:oo  A.M.  Animal  slightly  ill;  eyes  watery  and 
not  so  bright  as  yesterday;  coat  raised,  lO:O4  A.M.,  18  hours  after  inocula- 
tion.  L.  p.:  2.5  c.c.  of  opalescent  fluid  quickly,  under  pressure.  Films  from 
the  sediment  show  a  few  p.  n.  1.  and  about  as  many  mononuclear  cells;  an 
occasional  pair  of  extracellular  diplococci.  Culture  gives  moderate  growth  of 
pneumoeoccus. 
Injected  2  c.e.  of  the  mixture  of  sodium  oleate,  immune  serum,  and  boric 
acid  (T.  M.)  No  symptoms.  Throughout the remainder of  the day the animal 
may  be  a  little  better. 
Sept.  28,  9:oo  A.M.  Condition  about  the  same;  animal  still  moderately  ill. 
9:15  A.M.  L.  p.:  2  c.c.  of  turbid  fluid  freely;  many  p.  n.  1.  and  a  few  mono- 
nuclear  cells;  no  cocci  seen;  no  growth. 
Injected 2  c.c.  of  T.  M.  Condition remains  the  same  remainder  of  the  day. 
Sept.  29,  IO:5O  A.M.  Animal  better;  coat  still  fluffy.  L.  p.:  1.3  c.c.  of 
turbid fluid freely; a  great many p. n. 1. and  many capsulated extracellular diplo- 
cocci;  an  occasional  pair  intracellular;  profuse  growth.  Injected  2  c.c.T.M. 
Sept.  30,  8:45  A.M.  Condition  same  as  yesterday.  L.p."  I  drop  of  turbid 
fluid;  many  p.  n.  1.;  fewer  diplococci,  some  involuted  and  Gram  negative,  and 
an  occasional  pair  intracellular.  Profuse  growth  but  less  than yesterday.  In- 
jected  I  e.e.  of  T.M.  Oct.  I,  A.M.  Condition the  same.  4:o5:P.  M.  L.  p.:  4 
drops  of  slightly blood-stained  fluid;  few p.  n.  I.,  no  cocci  seen.  Two  colonies 
in the culture.  Injected 2  c.c.  of T.  M.  Oct. 2, A.M.  Animal  decidedly  better; 
eats  more  and  with  some  greed.  P.M.  Condition  unchanged.  Oct.  3.  Better. 
11Flexner,  Simon,  Boston Med.  and Surg.  ]our.,  !911,  clxv,  709. TABLE  II. 
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~dstihYy  er-  ~h,  rood  ..... 
uld. 
:  on 
h~e 
).n.l. 
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~rate 
).nd. 
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pro- 
5 hrs.  Nightly  ill  k  few  white  blood 
coat  ruffled  cells  mostly  mon~ 
nuclear;  no  cocci 
seen  i scant growth. 
7 hrs.  Slightly  ill  Grit  many  p.nd  d 
coat  ruflied  moderate  number 
hypersensl-  of  ext  r acellular 
spintlVee  uion~  diplococel.  Moder- 
ate growth. 
Sd~.t~ucat 
t~tments.  R~ult, 
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ment. 
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Viable cocci were present in the spinal fluid for 
three days, during which time the animaf was 
ill.  Residuui paralysis of right leg; complete 
recovery in five weeks. 
Undue  su~eptibility;  marked  reduction  in 
number of bacteria foIlowed the first injection, 
but  none the second. 
M~y  b~cteria  at the second i~iectlon; a  few at 
the third, and none at the fourth puncture. 
&pparent t~co~mry; "relapse";  sudden appear- 
ance  of  symptoms  on  fifth  day  followed 
Quickly by death. 
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hrs. 
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7~ hrs.  Only  slightly A  f~  p,n.l, and ex- r,  2,  3,  5,  Recovered.  Dffered  considerable  resistance,  yet  an  actual 
ill.  traeellalar  diplo-  and  6  infection occurred and was arrested. 
growth,  cocci;  moderate  later,  days  fluid for three days after inoculation. 
7 hrs.  Oafy  slightly A  few p.n,1, and ex-  i,  ~,  3.  Recovered,  Never  very  ill  but  ~iable  cocci  In  the  spilled 
excited,  tracellui~  diplo-  and  4 
c~el;  profu~  days 
ill,  weak.  growth,  later. 
i~ hrs.  Moderately  and  small  menD-  days 
Few p.nd. and extra- i, a, and 3 Died  ix  days Apparently  well  for one week  after  the fourth 
cellular diplococci;  days  after  inoetL-  treatment.  "Relapse"  on eleventh  day fol- 
profu~ growth,  later.  Latlon.  lowed quickly by death. 
z8  hrs.  iSEghtly ill  2.5 c.e.  under pre~-  i, 2, 3, 4,  Recovered.  Prolonged  infection and  illness  of  moderate 
sure; very few D.n.l,  mad  9  degree;  gradual recovery. 
nudear cells; a  few  later.  I 
diplococci;  moder- 
ate growth.  [ 
24 hrs.  i  No symptom~  moderate growth,  later,  ment while the ~pinui fluid and blood gave no 
An occasional pair of I,  2,  3,  5, Recovered.  Moderately ill for three days, during which time 
of illness,  al.  atypical,  extra.l-  6,  and  7  there were viable cocci in the spinal fluid and 
I  though ther~  luiar  diplocccci;  days  circulating  blood.  Then for a  day improve- 
is  a  batter 
emla,  '  growth,  Then  worse,  bacteria  reappearing 
in the  spinal fluid  and blood.  The  second 
cour~  of treatment was  followed  by perma.  i 
ii  ,  i  neat reco~ry. 
OcL  ~I  7  N  38  ~4 hrs.  More  that  A  few  p.n.l.;  no I,  2,  3,]rR~°vered"  he animal was moderately ill for 5 days.  Tke 
i  slightly  ill t  cocci  seen;  render-  ~d  5  J  bacteria  disappeared  from the blood after the 
baeter~im  i  ate g:owth  days  [  I  ist day and from the spinal fluid after the 3d.  I  later,  The last treatment was merely precautionary 
24, i  Moderately  Aa  occasional  p.n.l, x  and  I] 
against recurrence. 
Oct. 
~gz  i  iNc. 3p  1  48 hrs.  3  Died 6~  days,Aft~ the first in ection the bacteria disappeared 
ilI;  cries;'  and  small  mona  days  after  inocu-]  from the blood and spi~l fluid and the animal 
coat  raised;  nuclear  celll  n°ll  later,  lotion.  [  seemed  well.  On  the  fifth  day  it  sickened, 
baeteremia.  ]]  thane°eel  seen;moderatemOre]]  [  and until death br~thed  with great rapidity. 
I  was  fibrinous  pneumonia of  the whcie  right 
[  At autopsy the meningitis was a~sted;  there 
I  i ..... b  I  !  .................. 
Oct,i9i~go,  4 8 brs,  [  [  Only  slightly Many  p.n.l.;  and  aNone.  Delayed  onset  of  fulminating illness.  Animal 
I  great many ee~uMr  moribund  when  first  treated.  At  autopsy  ill for 46  hrs.; 
[  then  sad-  diplococci;  Very  enormous reduction in the number of bacteria 
rowth,  in the  spiral  fluid was  found to  have  token 
place;  followed  one injection of  semi. 
%v,  6, 
N IpI  45 hrs.  .L;  a  few r,  3,  4,  5,  irregular cou~.  The inte~isslon in the treat- 
far  dipl~  lo,  ii,  ment corresponded  to days of great improve= 
ht phag~  and  12.  ment and failure to obtain eaftures from the 
,refuse  days  spinal fluid.  Marked anemia and emaciation 
!  later,  during  the second  week.  Autopsy:  cerebral 
meldnges  intensely  inflamed,  the  spinal 
i  slightly. 
Nov.  27.  ] 
19I t  NO.  43t~  1  20 hrs.  numbers None.  inoculated in the evening and found moribund 
[  ;  myriad  the next morning. 
nearly 
i  raeeUui~ 
Dec.  5,  bacteremla,  Recovered.  Much  I9xI  No. 4al  0]  2o hrs.  Slightly  iP; Fluid  coaguiatel r,  ,  ~,  ,  improvement after first  treatment;  then 
...........  1,,  47 5~3d  slow progress  to  complete  recovery in  tea  days. 
very  great  many  6  days 
diplococcl  extracel-  later. 
lular;  profu~ 
growth. 
.......  i  *dfir.  o .......  .JM .......  1  .....  lad .....  d  5  af*e  io~uOladr*~da'G  ....  d ......  ~on  of  baot~  and  m.rked 
i  septicemia,  extracellaiar  diplo-  hours  general improvement followed  the first treat-  I c~ci;  very  profuse  later,  latlon.  I  meat,  but  bacteria  soon  muitipflt~d,  Little 
growth,  restraint by the 2d and 3d treatments.  Inflam- 
in  ~ and  t  marion most intense in cranium.  Septicemia. 
t8 hrs.  Very  ill;  slt~ Very  many  p.n.l.. 4  hours  Died  21 day~  rbe  first  treatment was  followed  by  improv~ 
cannotmOtl°nless;b~  myrladpairs  andC°CCishort day  b  af  r  laden  ment which lasted a  few hours.  Septicemia; 
a  ton.  dry peritonitis. 
roused;  chains;  occasional  later, 
bacteremia,  pbagocytosis. 
8~ hrs.  [Moderately  Very  many  p.n.l., 15  hours ]Recovered.  :reproved  steadily  after  the  first  treatment. 
i  ....... d ..........  luiar  4 nd and2'3'  At  th  .............  he  spinal  fluid  w~ 
at  times,  diploc~i;  profuse  t  ,  sterile,  Animal  well  until  the  x2th  day, 
x~da  when it became a  little  excited.  L.  p. gave 
growth,  lacer.YS  i  clear  sterile  fluid, but a  precautionary  treat- 
I  meat  was  given.  From  the  next  day  on 
animal peff~tly ~II. 
* The  therapeutic  mixture  contained  immune  goat  serum.  ~ The  therapeutic  mixture  contained  immune  horse  serum. Richard  V. Lamar.  601 
Oct.  4.  Still  improving.  Oct.  6.  Animal  well.  Yet  fearing  a  possible 
relapse  (compare  No.  34)  1.  p.  was  done  at 4:oo  P.M.  3  drops of  blood-tinged 
fluid;  no  excess of  p.  n.  t.  over  normal  ratio  to  red blood  cells;  no  cocci  seen; 
two  colonies in culture.  Injected  I  c.c.  of  T.  M. 
Nov.  5.  Observed  daily,  animal  has  shown  no  signs  of  illness  until  today 
when  there  is  diarrhea.  Nov.  7.  Diarrhea  worse;  emaciation.  Nov.  lo. 
Animal  found  dead  this  morning.  Autopsy  at  once:  moderate  emaciation. 
Nothing  abnormal  found  in  the  posterior  cavity.  There  is  an  acute  colitis  of 
severe degree;  hyperplasia of  the  mesenteric lymph nodes. 
Upon microscopic examination nothing abnormal is  found in the 
spinal cord or its membranes. 
In the experiments which terminated fatally the disease followed 
one  of  two  well  characterized  and  readily  recognizable  courses. 
Either  the  animal  was  gravely ill  when the  treatment was  begun 
and  died during  the first or  second day, nearly always  from sep- 
ticemia; or the animal was not so ill at the beginning of treatment, 
the customary improvement followed the first injections,  recovery 
seemed to  have  taken place,  the  treatment  was  discontinued,  and 
then  later  what  may  be  designated  a  relapse  occurred  and  was 
quickly  followed by  death.  In one  instance  (protocol  39),  after 
apparent  recovery  a  massive  fibrinous  pneumonia,  instead  of  a 
relapse,  developed and  led  to  death.  The  meningitis was  healed. 
The  first type of  fatal  disease  is  illustrated by the protocol  of 
monkey 43. 
Nov.  27,  1911.  Monkey  43.  Macacus  rhesus;  medium  size. 
1:4o P.M.  L.p.:  clear fluid;  injected o.I  c.c.  of  a  24 hour broth culture of 
X.II  2.  No  evidences  of  illness  during  remainder  of  day.  Nov.  28,  8:oo  A.M. 
Animal  quite  ill.  9:I5  A.M.  Very  ill.  9:35  A.M.  Seems  worse  than  twenty 
minutes  ago;  very  weak;  can  no  longer  sit  up.  L.  p.:  1.3  c.c.  of  very  turbid 
fluid  containing  flocculi;  very  many  p.  n.  1.  mostly  poorly  staining  and  an 
enormous  number  of  diplococci  nearly  all  extracellular.  Very  profuse  growth. 
Likewise  profuse growth from  four  drops of blood taken from the ear.  Leuco- 
cytosis  about  25,ooo.  Injected  1.5  c.c.  of  T.  M.  No  immediate  change  in  the 
animal's  condition,  but  it  steadily  weakens.  Death  at  I2:I5  P.M.,  22½  hours 
after inoculation. 
Autopsy.--I:3O  P.M.  Slight  congestion  of  spinal  meninges.  There  is  a 
scant,  sticky,  yellowish  white  exudate  all  along  the  surface  of  the  pia.  It  con- 
tains  many p.  n.  1.  and  still a  great  many  diplococci  but  not nearly  so  many  as 
were  in  the  fluid  drawn  off  prior  to  the  treatm~mt.  Extreme  phagocytosis  has 
occurred.  Most cocci are within pus cells and many pus  cells  are crowded  with 
the  organisms.  Cultures  furnish  moderate  growth.  The  cerebral  pia  is  more 
congested  than the  spinal,  and  there is  more  exudate.  In the  heart's blood  are 
a  few  diplococci.  Profuse growth occurs  from  it. 602  Chemo-Immunological  Studies  on  Localized  Infections. 
The second type of fatal disease, that of apparent  recovery  fol- 
lowed, upon discontinuation of treatment, by late relapse and death, 
is illustrated by the protocol of monkey 2  9 . 
May 25,  1911.  M'onkey 29.  Macacus rhesus; medium size. 
lO:5O  A.M.  L.p.:  I  c.c.  of  clear  fluid;  injected  o.I  c.c.  of  a  24  hour  broth 
culture  of  X.5  l°.  2:15  P.M.  Animal  uneasy.  5:30  P.M.,  7  hours  after  inocu- 
lation.  Animal  slightly  ill;  hypersensitive  along  spine;  coat  ruffled.  L.  p.:  2 
c.c.  of turbid fluid;  many p. n. 1.,  an occasional pair of  cocci  extracellular;  more 
than  moderate  growth.  Injected  2  c.c.  of  T.  M.  May  26,  lO:3O  A.  M.  Some- 
what better.  L.p.:  2  c.c.  of turbid fluid;  more  p.  n. 1.  than yesterday;  only one 
pair  of  diplococci  seen;  a  single  colony  grows  from  the  transplant.  Injected 
2  c.c.  of  T.  M.  Condition  remains  the  same  during  remainder  of  day.  May 
27,  A.M.  Much  better;  animal  springs  up  and  down  as  normally.  May  28. 
Well.  May 29.  Still seems well. 
May  3o,  9:20  A.M.  The  animal  is  found  with  coat  slightly  raised,  sitting 
on  its  perch.  It  cannot  be  made  to  come  down;  cries  when  disturbed.  Made 
many  attempts,  in  several  spaces,  to  obtain  spinal  fluid;  all  failed;  even  three 
made under light ether anesthesia.  Finally, injected with little resistance 1.5  c.c. 
of  T.  M.;  no  pressure  symptoms  observed.  The  animal quickly  recovers  from 
the  ether  and  upon  being  put  into  its  cage  climbs  upon  th  e  perch  and  remains 
sitting  as  before.  2:oo  P.M.  Still  sits  upon  perch;  seems  about  the  same. 
4:3o  P.M.  Animal  dead.  Death  occurred  5~  days  after  inoculation. 
Autopsy.--May  3 I,  9:3o  A.M.  The  spinal  cord  beneath  the  dura  is  envel- 
oped  throughout its  length by  a  thick,  yellowish  white,  translucent  sheath  com- 
prising the pia infiltrated and covered by a  fibrinous exudate,  the  whole  averag- 
ing  from  I  to  2  ram.  in  thickness.  Films  show  many  p.  n.  1.  in  all  stages  of 
disintegration,  and  an  occasional  coccus,  but  so  few  that only after a  search  of 
several  minutes are a  few  swollen pairs  found within a  single pus  cell. 
The  pia  of  both cerebral  hemispheres and  to  a  less  extent  that  of  the  cere- 
bellum  is  finely  congested  and  studded  with  abundant  punctate  hemorrhages. 
Films  from  the  cerebral  cortex  contain  many  well  preserved  p.  n.  1.  and  many 
typical extracellular diplococci.  There is less  similar exudate at the base of the 
brain.  The  ventral  cavity of  the  body  is  negative.  Cultures  from  the  exudate 
in the lumbar and thoracic regions of the spinal cord and  from the heart's blood 
remain  sterile.  From  the  right  cerebral  cortex  the  pneumococcus  grows  abun- 
dantly and pure. 
In this experiment the effect of the injections in almost sterilizing 
the spinal canal is apparent.  The clinical "relapse"  and death of 
the animal were evidently, due to the progress of the inflammation 
in the cranial  cavity which had been cut off  from communication 
with the spinal subdural space by the fibrinous exudate. Richard V. Lamar.  603 
DISCUSSION. 
The  experimental  data  presented  have  more  than  a  theoretical 
interest.  They  should  indeed  be  considered  with  respect  to  their 
application  to  the  treatment  of  a  highly  fatal  disease  of  human 
beings.  Pneumococcic meningitis is far from being a rare affection. 
and  the  number  of  reported  recoveries  from  the  disease  is  very 
small.  There exists at present no effective treatment that has come 
to be at all generally employed.  The  few instances  in which anti- 
pneumococcic serum has been applied  have  not yielded results  that 
inspire confidence in its sole employment.  Even when administered 
by  direct  intraspinal  injection  the  effects  have  been  doubtful. 
Matthes 12 so treated three patients  and all died; Grober, 18 two, one 
of  which  recovered  and  one  died;  and  Schlesinger 14  and  Klein- 
schmidt, 15  one  each,  both  recovering.  The  total  number  is  small, 
and although three of seven treated with serum recovered there have 
been reported ten more instances of recovery f.ollowing no more rad- 
ical treatment than mere lumbar puncture and withdrawal of fluid? 6 
The  reasons  for  the  inefficiency of  serum  treatment  are  now  ren- 
dered  fairly  clear.  An  an.tipneumococcus  serum  is  at  best  active 
only  against  the  homologous  organism  or  organisms  the  types  of 
which  have  been employed in  its  preparation.  Under  optimal  ex- 
perimental  conditions  the  extent  of its efficacy is confined  within  a 
brief  space  of  time;  and  in  general  this  will  probably  be  found 
equally true of the so called spontaneous human pneumococcus men- 
ingitis.  The  outlook  for  its  successful  employment  alone  in  the 
human  disease  is  not  encouraging. 
The  therapeutic  mixture  of  sodium  oleate,  boric acid,  and  anti- 
serum  holds  out greater  promise.  The  scope of  its  efficacy is  far 
wider  than  that  of  the  antiserum  alone.  It  remains  still  to  be 
determined  whether  its  action  is  as  closely  restricted  within  the 
limits of homologous strain of pneumococcus as is that of the anti- 
~2 Matthes,  M., Med. Klin.,  19o8, iv, 733. 
Grober,  J.,  Miinchen.  reed.  Wchnschr.,  I9IO,  Lvii, 1332. 
~4 Schlesinger, H.,  Wien.  reed.  Wchnschr.,  I9n, Ixi, 40. 
Klelnschmidt, Med. Kiln.,  I9II  , vii, 1195. 
~6Rolly,  Fr.,  Deutsch.  reed.  Wchnschr.,  I9II,  xxxvli,  774;  Kleinschmidt, 
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serum.  This point, which is of high importance,  is under examina- 
tion at present so that  a  decision should  soon be reached. 17 
Fortunately  the  number  .of  strains  or  types  of  pneumococci 
appears  not  to  be  large.  Neufeld  and  H~inde118 have  noted  .that 
most strains of pneumococcus are subject to the action of an immune 
serum prepared  with a  single culture of their type I  pneumococcus, 
which  is the  culture  employed  for  immunizing  the  goat  and  horse 
used  in  these experiments.  Neufeld  and  H~indel  recognize  four 
serum-specific types of pneumococcus, three of which are infrequent. 
It may happen that the specificity is not absolute with respect to the 
oleate  serum  mixture,  and  it  is  also,  of  course,  possible  that  the 
obstacle to the usefulness of a single immune serum may be obviated 
by preparing  a  suitable  polyvalent serum. 
Other considerations  which may affect the results of the employ- 
ment  of  the  oleate  serum  mixture  are  clinical  in  nature.  From 
the  experiments  it appears  that  pneumococcic infections,  started  in 
the region of the brain,  follow a  severer course, and are less amen- 
able to treatment  than those sta?ted in the region of the spinal cord. 
In both,  the experimental  procedures produce traumatic  injury and 
this  injury gives to the  infection  a  graver  character  when  inflicted 
on the tissues of the brain than when inflicted on those of the cord. 
A  class  of  pneumococcic  inflammation  of  the  meninges  in  man 
arises  from  infections  of the  membranes  about the  brain;  namely, 
in  middle  ear  disease,  fracture  of  the  base  of  the  skull,  infection 
of the  accessory  air  sinuses,  operations  on  the  nasal  tissues,  etc. 
It  remains  to be  ascertained'  to  what  extent  this  is  a  determining 
factor in the control of natural pneumococcus meningitis. 
A  great number of cases of pneumococcus meningitis  in man  fol- 
low blood infection  with the pneumococci and  are  secondary to  in- 
l~Tentative  experiments  performed  on  rats  and  mice  with  two  cultures  of 
atypical  strains  of  pneumococcus,  obtained  from  the  circulating  blood  of  pneu- 
monic  patients,  indicate  that  the  atypical  strains  stand  midway  between  the 
highly soluble typical pneumococcus  and  the insoluble Streptococcus pyogenes  in 
respect to solubility in sodium oleate.  The  experiments indicate  further  that  the 
atypical  strains  are  resistant  to  the  action  of  the  mixture  of  typical  antiserum, 
sodium  oleate,  and  boric  acid.  Experiments  are  in  progress  to  determine  the 
effect  of  polyvalent  immune  sera  which  carry  the  specific  antibodies  for  the 
atypical  strains. 
aS Neufeld,  F., and  H/indel, Ztschr. f. Immunittitsforsch.,  Orig.,  19o9, iii,  159; 
Arb.  a. d. k. Gsndhtsamte,  I91O  , xxxiv, 293. Richard  V.  Lamar.  605 
flammations  of  the  lung,  pleura  and  heart,  and  arise  generally 
throughout  the  meninges.  In  these  cases  the  therapeutic  control 
of the meningitis need not be equivalent to the suppression of the 
pathological  conditions  as  a  whole,  to  which the patient  may still 
succumb.  On the other hand, it is often just the concurrent men- 
ingitic  infection  that  makes  the  general  clinical  conditions  grave, 
so that with its abatement the outlook for the cessation of the other 
inflammation  becomes  much  improved.  Fortunately,  the  d2irect 
attack  upon  the  meningitic  infection  is  capable  of  affecting  the 
blood  infection since  the eruption  of  pneumococci from  the  men- 
inges into the blood is arrested while the ready escape of the thera- 
peutic  mixture  from  the  meninges  into  the  blood  1°  provides  a 
favorable condition  for the action of the immune serum upon the 
pneumococci already present in the blood, as well, possibly, as those 
situated in the  interior of  some organs. 
The  experiments show  that  the  time  interval  between  onset  of 
infection and beginning of the specific treatment is a very important 
factor.  The reasons  for this  are several: the degree of the infec- 
tion  and attending intoxication; the numbers of multiplying diplo- 
cocci;  the  nature  of  the  inflammatory  exudate,--whether  serous, 
purulent, or fibrinous,--that effects the penetration of the mixture to 
the diplococci and the remote parts  of the cerebrospinal meMnges. 
A  purulent and f~brinous exudate is not only permeated less readily 
by  the  mixture,  but  its  high  protein  content  tends  to  reduce  the 
action of the oleate upon the pneumococci upon which the efficiency 
of  the  mixture  so  much  depends.  Hence  serous  or  seropurulent 
inflammations will probably be more subject to control than purulent 
and fibrinous ones.  And yet in practice this distinction may make 
less  difference than  in the experiments in which the course of the 
infection  is  abnormally rapid.  Should  it  be  found  that  infection 
of  the spinal  meninges  is  sometimes  controlled,  while  that  of  the 
cerebral meninges and ventricles is  not,  it will be well to  consider 
the injection of the mixture directly into the cerebral ventricles, as 
has  been  successfully  done  in  the  serum  treatment  of  epidemic 
meningitis.  ~° 
1, Flexner, Simon, loc. cir. 
,o Cushing, H., and Sladen, F. J., ]our. Exper. Med., I9o8, x, 548; Fischer, L., 
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Finally,  the  specific  treatment  described  is  not  necessarily con- 
fined to meningitis but may be applicable to other local pneumococ- 
tic infections, such as those of the pleura,  joints,  and possibly  the 
peritoneum.  The determining conditions  will be similar:  the type 
of  pneumococcus,  the  accessibility  of  the  focus  of  infection 
(whether isolated by adhesions  or communicating with  the  cavity 
into which the mixture is injected), the nature of the inflammatory 
exudate, and the coexistence of other slight or severe infections in 
inaccessible organs  or parts.  The  oleate  soap  obviously possesses 
higher affinity or greater avidity for certain bacteria (e. g., pneumo- 
coccus)  than  for protein in general, since the boric acid suffices tc 
hold it apart  from serum protein under conditions in  which it  still 
attacks the bacteria. 
CONCLUSIONS. 
Virulent pneumococci injected into  the cranial  or spinal  cavities 
of  monkeys  produce  constantly  a  meningitis  closely  resembling 
pneumococcus  meningitis  in  man,  except  that  the  experimental 
disease pursues  a  more rapid course to  the invariable death of the 
untreated animal. 
An homologous  immune pneumococcus serum  injected  into  the 
spinal  canal exerts a  restraining influence upon  the  disease to  the 
extent  that  when  employed  early  it  prevented,  exceptionally,  the 
occurrence of infection and thus saved the life of the animal,  and 
when given  later  it  at  first  retarded  the  disease  but  subsequently 
exerted no beneficial action and was powerless to save life. 
A  mixture  of  sodium  oleate,  immune  serum,  and  boric  acid 
exerted regularly a more powerful action than immune serum alone, 
and not only prevented the occurrence of infection but  also,  when 
administered repeatedly, arrested the progress of an actually estab- 
lished infection and led, often, to the enduring and perfect recovery 
of the inoculated animal. 
It is proposed to employ a similar mixture in the direct treatment 
of  pneumococcic meningitis  and  possibly  of  still  other  accessible 
local  pneumococcic infections  in  man. 